P

Award Number: DAMD17-03-1-0570

TITLE: Development of a Mouse Model for Determination of the
Role of the Catechol Metabolltes of Estradiol in Mammary
Tumorigenesis

PRINCIPAL INVESTIGATOR: James D. Yager, Ph.D.
CONTRACTING ORGANIZATION: Johns Hopkins University
Baltimore, Maryland 21287-3654

REPORT DATE: August 2004

TYPE OF REPORT: Annual

PREPARED FOR: U.S. Army Medical Research and Materiel Command
- Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for Public Release;
Distribution Unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, pollcy or decision unless so
designated by other documentatlon

20050415 043




REPORT DOCUMENTATION PAGE | onee

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503

1. AGENCY USE ONLY 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED

(Leave blank) : August 2004 Annual (21 Jul 2003 - 20 Jul 2004)
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS
Development of a Mouse Model for Determination of the DAMD17-03-1-0570
Role of the Catechol Metabolites of Estradiol in Mammary

Tumorigenesis

6. AUTHOR(S)
-James D. Yager, Ph.D.

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) ' 8. PERFORMING QRGANIZA TION
Johns Hopkins University REPORT NUMBER
Baltimore, Maryland 21287-3654 : '

E-Mail:  jyager@jhsph.edu

9. SPONSORING / MONITORING 70. SPONSORING / MONITORING
AGENCY NAME(S) AND ADDRESS(ES) AGENCY REPORT NUMBER

U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE
Approved for Public Release; Distribution Unlimited

13. Abstract (Maximum 200 Words) (abstract should contain no proprietary or confidential information) Thé purpose of the
proposed research is to develop a catechol-o-methyltransferase knockout (COMTKO) ~estrogen
receptor/Wnt-1 (ERKO/Wnt—l)’mouse model for use in studies on the role of estrogen '
catechol metabolites in mammary tumorigenesis. The scope of the project involves: 1)
Through genetic crossing, introduce the COMT KO genotype into the ERKO/Wnt-1 mice; 2)
Initiate studies to determine the effects of the absence of COMT on estrogen catechol
metabolite, glutathione-estrogen quinone adduct levels (which reflect oxidative metabolism
of estrogen catechol to estrogen quinones), oxidative DNA damage levels, mammary gland
development and tumorigenesis in the resulting COMTKO/ERKO/Wnt-1 female mice. ERKO/Wnt-1
mice were obtained after notification of award; COMTKO mice were on-hand. However, .
unanticipated difficulties were encountered. The COMTKO mice went through a period where
their breeding stopped. Additional breeding pairs were obtained from the originator of the
strain at Rockefeller University. These mice began breeding and at that point, the first
aim could proceed, although we were already about 6 months behind given the time required
to obtain additional breeding pairs, time in quarantine, and time for them to adapt and
produce off-spring for the desired crosses. As detailed in the progress report, breeding
lis now proceeding. The project period has been extended 1 year to 20 August, 2005.

14. SUBJECT TERMS 15. NUMBER OF PAGES
No subject terms provided. : 8

16. PRICE CODE

17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
Unclassified Unclassified Unclassified Unlimited
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89)

‘Prescribed by ANSI Std. Z39-18
298-102




Table of Contents

001 1

SF 298..... e e s s e 2

Table of Contents..........ccoiiiiiiiiiii 3
INtrodUuCtioN.....uiii i e e 4
= T T R 4
Reportable OUtCOMES.....cccveiiiiiriiiiiitiariiereriresatesisstencararanroresenensarssnnes 6
L0301 Tod LT ] T L= 6

RO OIS . iiieriieriiesiitsetirenstennssnetesssssassersunsssnsesasssnnnsssrssencsssancnnnsrsnns 6




Yager, James D. DAMD17-03-1-0570
Introduction

The mam risk factors assomated with the development of breast cancer implicate estradiol (E2) as a
causative agent'. The accepted hypothesis is that prolonged exposure to estrogen leads to persistent enhanced
proliferation mediated through the binding of E2 to the estrogen receptor. However, E2 also undergoes
cytochrome P450 (CYP)-mediated oxidative biotransformation to catechol metabolites, 2-hydroxy (2-OH) and

4-hydroxy (4-OH) E2. 4-OH E2 in particular has been shown to cause/contribute to estrogen carcinogenesis
through further oxidative metabolism to quinones that form adducts with adenlne and guanine in DNA and
cause oxidative DNA damage through participation in redox cycling processes These catechol estrogen
metabolites are present in mouse mammary gland tissue at concentrations of pmoles/mg tlssue CEs are
primarily inactivated by O-methylation catalyzed by catechol-O-methyltransferase (COMT)'. Inhibition of
COMT enhanced E2-induced renal tumorigenesis in the Syrian hamster model' and DNA damage in human
MCE-7 cells®, suggesting that COMT is highly protective against adverse effects caused by the catechol
metabolites of E2. COMT is polymorphic in humans and several, but not all, epidemiology studies have
observed that the genotype encodlng a low activity COMT is associated with an increased risk for developing
breast cancer in certain women®. These observations implicate the catechol metabolites of E2 in breast cancer
causation. Experimental investigation of the extent and mechanisms of contribution of the estrogen catechol
metabolites would be greatly facilitated by the availability of an appropriate animal model. Mammary tumor
incidence in intact estrogen receptor knockout (ERKO)/Wnt-1 female mice is 20%, whereas it is reduced to 8%
in ovariectomized females (Richard Santen, University of Virginia, personal communication). These results
demonstrate that in the absence of ER expression, estrogen still contributes to mammary tumor formation. The
concept/hypothesis regarding the role of estrogen in these mice is that the catechol metabolites undergo
oxidative biotransformation to quinones which then form DNA adducts directly, or oxidative DNA damage
indirectly through redox cycling, and subsequently mutations, which contribute to mammary tumor formation.
Since COMT is protective, the absence of COMT would be expected to increase the incidence and/or shorten
the latency of tumorigenesis in the ERKO/Wnt-1 mice. Thus, the purpose of the proposed research is to develop
a catechol-o-methyltransferase knockout (COMTKO)-estrogen receptor/Wnt-1 (ERKO/Wnt-1) mouse model
for use in studies on the role of estrogen catechol metabolites in mammary tumorigenesis. The scope of the
project involves: 1) Through genetic crossing, introduce the COMTKO genotype into the ERKO/Wnt-1 mice;
2) Initiate studies to determine the effects of the absence of COMT on estrogen catechol metabolite,
glutathione-estrogen quinone adduct levels (which reflect oxidative metabolism of estrogen catechol to estrogen

quinones), oxidative DNA damage levels, mammary gland development and tumorigenesis in the resulting
COMTKO/ERKO/Wnt-1 female mice.

Body:

Key Accomplishments: ERKO/Wnt-1 mice were obtained after notification of award; COMTKO mice were
on-hand. However, unanticipated difficulties were encountered. The COMTKO mice went through a period

~ where their breeding stopped. Additional breeding pairs were obtained from the originator of the strain at
Rockefeller University. These mice began breeding and at that point, the first aim could proceed, although we
were already about 6 months behind given the time required to obtain additional breeding pairs, time in
quarantine, and time for them to adapt and produce off-spring for the desired crosses. Because of these
difficulties, a request was made and granted for the project to be extended to 20 August, 2005 without
additional funds (see the Amendment of Solicitation/Modification of Contract document in the Appendix.

The breeding scheme has been modified to be more efficient and is shown below.
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ERKO|Wnt-1—COMT Interbreeding Project

ER+/-|Wnt-1 & x COMT-/- 9 Phase I

Approx 1/8 of pups will hnyé“COMT+/'—|ER+I¥-|WnT-I genotype
COMT+/-|ER+/-|Wnt-1 & x COMT+/-[ER+/- @  Phase IT
(taking care to avoid brother-sister matings)

N

Approx 1732 of pups will have Approx 1/16 of pups will have Phase TIT
COMT-/-|ER-/-|Wnt-1 genotype COMT-/-|ER+/-|Wnt-1 genotype

| |
Goall COMT-/-|ER+/-|Wnt-1 3 x COMT-/-|ER+/- @
(taking care to avoid brother-sister matings)

All fumorigenesis studies will
involve comparing latency (time
to tumor formation) between
ER-/-|Wnt-1 females (controls) Gonll
to COMT-/-|ER-7-|Wnt-1 ’
females

Approx 1/4 of pups will have
COMT-/-|ER-/-|Wnt-1 genotype

Figure 1: Breeding Scheme. Plan for
creating COMT-/-|ER-/-|Wnt-1 mouse.

Phase 1 Breeders

Name Male genotype Female genotype
BPA ER +/-|Wnt-1 ER +/+|COMT-/-
BPB ER+/-Wnt-1 ER+/+|COMT-/-

The PCR methods for genotyping were established in the lab. This is complex in that it involves genotyping for
three genes and since both the ERKO/Wnt-1 and COMTKO mice were developed with the same selectable
marker, neo, identification of the desired offspring is a bit more involved.

We obtained 32 pups from the Phase I breeding that were used in Phase II.

Phase 11

We cannot directly test whether the Phase II breeders are ER+/- or ER-/- and/or COMT +/- or COMT-/-. This
is because the same neo marker is used in both the ER-/- and the COMT-/- mice. We can only tell from their
offspring. Thus far two females have been born of Phase II breeders that are negative for COMT, thus
indicating that these parents in these breeding pairs are COMT+/-. The first 5 breeding pairs listed below were
bred on 9/8/04, and thus far all have produced at least one litter. The last 3 breeding pairs were bred on 10/7/04
and, as of 10/27/04, have not produced litters, but it is a bit too early, and we do not expect them to produce
litter for another week or two.

b
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Phase I Breeders
Male genotype Female genotype
neo Whnt ER COMT neo Wnt ER COMT

+ + + + + + +(ER+/-) | +
+ + + + + + +{ER+-) | +
+ + + + + + +HER+-) | +
+ + + + + + + -
+ + + + + + + -
+ + + + + - + +
+ + + + + - + +
+ + + + + - + +

15 Phase II pups have now been weaned and are in the Phase III stage of the breeding plan which will produce
the desired ERKO/Wnt-1/COMTKO female mice.

Phase 111

Several of the Phase II breeders have produced offspring, 2 of which were females negative for COMT. These
two females have been bred to male offspring of Phases I and II, respectively. Their genotypes are shown
below. If any of the offspring of these Phase III breeders are negative for ER AND COMT, we will have
reached the goal of obtaining a COMT -/-| ER -/-|Wnt-1 mouse. The first Phase II breeders were put together
on 10/27/04, so it will be a few weeks before we see pups.

Phase IT1 Breeders
Male genotype Female genotype
neo wnt ER COMT neo Wnt ER COMT
+ + + + + - + -
+ + + - -

It is important to appreciate that the breeding is a continuous process, and that as the desired mice are obtained
they are used in the studies proposed.

Reportable Outcomes: None

Conclusions: The primary goal of funding provided by this grant is to allow us to produce these mice, and this
is now in full swing.
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